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(57) An input signal (V|) is applied to a first input ter- 
minal (21 b) of a differential amplifier (21 ) through an in- 
put resistance, and a feedback signal is applied to the 
first input terminal through a feedback resistance. A ref- 
erence potential is applied to a second Input terminal 
(21a) of the differential amplifier. A first capacitance el- 
ement (Ci) is connected between the second input ter- 
minal and a high potential power supply (Vdq), and a 
second capacitance element (Cg) is connected between 
the second input terminal and a low potential power sup- 
P'y ( Vss)- The amplification ratio of the amplification cir- 
cuitry can be switched over multiple stages by switching 
the resistance values of the input resistance and the 



feedback resistance, using semiconductor analog 
switches. Fluctuations In power supply voltage may be 
applied to the first input terminal of the differential am- 
plifier through the semiconductor analog switches so as 
to tend to produce fluctuations of the amplification ratio. 
Such fluctuations of the power supply voltage, however 
are also applied to the second input terminal. Since the 
differential amplifier eliminates the in-phase compo- 
nents of the signals applied respectively to the first and 
second Input terminals, the influence of the fluctuation 
of the power supply voltage on the amplification ratio 
can be reduced by providing such capacitance elements 
connected to the second input terminal. 
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Description 

This invention relates to variable gain amplification circuitry. 

Generally, the amplification factor A^p of amplification circuitry employing a typical differential amplifier is expressed 
5 by -Rf/Rs in the case of a typical inverting amplification circuit. Here. Rg represents an input resistance and R, represents 
a feedback resistance. By making Rg = Rj an inverting amplification circuit having A^p ="1 can be obtained, or by 
making R/R^ = n an inverting amplification circuit having A^f = -n can be obtained. In other words, an amplification 
factor A^F can be obtained in accordance with the values of Rg and Rf (resistance values). 

In order to satisfy the requirement for a variable degree of amplification (amplification gain) especially for Integrated 
10 circuit realization, amplification circuitry Is known which constitutes each of the input resistance Rg and the feedback 
resistance R^ by a plurality of resistors connected in series, their resistance values being adjustable by turning ON/ 
OFF a plurality of semiconductor analog switch devices. 

If the resistance values of a plurality of resistors constituting each of the input resistance R^ and the feedback 
resistance Rf are set to suitable values in the circuit construction described above, a required range of selectable 
^5 amplification factors can be obtained over a plurality of stages in accordance with the number of ONOFF combinations 
of the semiconductor analog switches. 

However, In the amplification circuit capable of obtaining gain controlled amplification described above, the ratio 
of fluctuation of an output voltage with respect to the change of a power supply voltage (so-called "SVRR": Supply 
Voltage Rejection Ratio) may deteriorate because the semiconductor analog switches are connected only to one of 
20 the input terminals of the differential amplifier. 

When a MOS switch is used as a typical semiconductor analog switch device, the device is constituted by con- 
necting In parallel two complementary MOS transistors, applying complementary control signals (the signals one of 
which is at a "0" level when the other of which is at a "1 " level) to each gate, connecting the back gate of a P-channel 
MOS transistor to a power supply VDD on the high potential side and connecting the back gate of an N-channel MOS 
25 transistor to a power supply VSS on the low potential side. 

According to this construction, when one of the control signals is set to the "0" level, and the other to the "1 " level, 
the intended operation that the two MOS transistors are turned ON can be obtained. However, because the back gates 
of both transistors are connected to the power supply VDD on the high potential side and to the power supply VSS on 

the low potential side, respectively, the equality relation of the "1 " level = VDD and the "0" level = VSS is not always 

30 insured. Accordingly, the voltage between the gates and the back gates of both transistor sometimes fluctuates. In this 
case, the resistance value between the drain and the source (channel ON resistance Rqn) oi each transistor changes 
with the fluctuation of the power supply voltages, and a problem nnay develop in that the frequency component of the 
fluctuation overlaps with the input signal of the differential amplifier. 

When the frequency component of the power supply voltage fluctuation Is high, its frequency component passes 
35 through stray capacitance between the electrodes of the MOS switch, overlaps the input signal of the operational 
amplified and is amplified. 

The problem described above may similarly occur in the case where an analog switch using bipolar transistors or 
diodes is used as the semiconductor switch device. 

An embodiment of the present invention provides an amplification circuit for effecting gain controlled amplification, 

40 having the differential amplifier, inputs an input signal to the first input terminal of the differential amplifier through an 
input resistance and inputs a reference potential to the second Input terminal. This amplification circuit switches an 
amplification ratio over multiple stages by switching the resistance value of the input resistance and the resistance 
value of a feedback resistance by a semiconductor analog switch. In this amplification circuit, a first capacitance element 
is disposed between the second input terminal of the differential amplifier and a high potential power supply and a 

45 second capacitance element is disposed between the second Input terminal of the differential amplifier and a tow 
potential power supply. 

When the power supply voltage fluctuates in this amplification circuit, the fluctuation component is applied to the 
first input terminal of the differential amplifier through the semiconductor analog switch which switches the input resist- 
ance and the feedback resistance. At the same time, the fluctuation component of the power supply voltage Is also 
applied to the second input terminal of the differential amplifier through the first and second capacitance elements. 
Since the differential amplifier has the function of removing the same phase component applied to the first and second 
input terminals thereof, the fluctuation components of the power supply voltage are cancelled and the influences on 
the degree of amplification can be restricted. 

In a modified form of the above embodiment, a resistance element and a semiconductor analog switch are con- 
nected in series between the second input terminal and a reference potential. A semleonductor analog switch having 
substantially the same characteristics as those of the semiconductor analog switch for switching the input resistance 
and the feedback resistance is used as this semiconductor analog switch. 

In this amplification circuit, the fluctuating component of the power supply voltage is fed to the second input terminal 
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of the differential amplifier through stray capacitance of the semiconductor analog switch, and the influences of the 
fluctuation of the power supply voltage are restricted. Further, the ON resistance value of the semiconductor analog 
switch connected to the second input terminal changes with the fluctuation of the power supply voltage, and offsets 
the fluctuation component of the ON resistance value of the semiconductor analog switch connected to the first input 
5 terminal of the differential amplifier. 

Reference will now be made, by way of example, to the accompanying drawings, in which: 

Fig. 1 is a circuit diagram showing a previously-considered Inverting amplification circuit; 

Fig. 2 is a circuit diagram showing a previously-considered inverting amplification circuit for effecting gain controlled 
10 amplification; 

Fig, 3 is a circuit diagram of an MOS switch device; 

Fig. 4 is a circuit diagram showing an equivalent circuit of the MOS switch shown in Fig. 3; 
Fig. 5 is a circuit diagram showing the circuit construction of an analog switch; 
Fig. 6 is a circuit diagram showing an equivalent circuit of the analog switch shown in Fig. 5; 
Fig. 7 is a circuit diagram of amplification circuitry according to an embodiment of the present invention; 
Fig. 8 is a circuit diagram showing an equivalent circuit of the circuitry shown in Fig. 7; and 
Fig. 9 is a circuit diagram of amplification circuitry according to a second embodiment of the present invention. 

Before describing embodiments of the present invention, previously-considered systems and the disadvantages 
20 therein will be described with reference to the related drawings. 

An amplification factor A^f of an amplification circuit having a differential amplifier (typically, an operational amplifier 
2), such as a typical inverting amplification circuit shown in Fig. 1. is given by -R^F^. Here, represents an input 
resistance and represents a feedback resistance. When = R^, an inverting amplification circuit having Ak,p = -1 
can be obtained, and when R/R3 = n, an inverting amplification circuit having A^p = -n can be obtained. In other words, 
the amplification factor A^f = -n can be obtained in accordance with the resistance values R^ and R,. 

In order to satisfy the requirement for a variable degree of amplification, an amplification circuit such as the one 
shown in Fig. 2 is employed from time to time. In this circuit, a plurality (three, in the drawing) of resistors to R-o 
connected in series constitute an input resistor, and a plurality (three, in the drawing) of resistors to R,3 connected 
in senes likewise constitute a feedback resistor Further, the resistance values of R^ and R, can be adjusted by the 
ON/OFF switching of a plurality of analog switches S^^ and 3^2 and and S^. respectively. 

In the circuit construction described above, amplification factor of multiple stages can be easily obtained in ac- 
cordance with the number of combinations of ON/OFF of the analog switches S^^ and and and by setting 
suitably in advance the resistance values of a plurality of resistors constituting the input resistor F=L and the feedback 
resistor R^. 

However, in the amplification circuit capable of obtaining the degrees of amplification of the multiple stages de- 
scnbed above, the analog switches are connected to the one of the inputs (the negative input in Fig. 2) of the operational 
amplifier 21 . Therefore, there remains the problem that the ratio of the change of the output voltage to the change of 
a power supply voltage is likely to deteriorate. 

Fig. 3 is a structural view of a typical analog switch device using MOS transistors. Two complementary MOS 
transistors 1 and 2 are connected in parallel with each other, and complementary control signals (a set of signals one 
of which IS at a "O" level when the other of which is at a "1 " level) S^ and S^ are applied to each gate. A back gate of 
a P-channel MOS transistor 1 is connected to a power supply VDD on the high potential side, and the back gate of the 
N-channel type MOS transistor 2 is connected to a power supply VSS on the low potential side. 

According to this circuit construction, the intended operation of turning ON both of the two MOS transistors 1 and 
2 can be obtained by setting the control signals S^ and S5, to the "O" level and the "1 " level, respectively. Nonetheless 
because the back gates of both transistors are connected to the power supply VDD on the high potential side and to 
the power supply VSS on the low potential side, the voltage between the back gates of both transistors fluctuates in 
some cases, since the equality relation of the "1 " level = VDD and the "0" level = VSS is not always insured on actual 
electronics circuit. In this case, the drain-source resistance value (channel ON resistance Rqn) at the time of ON 
changes with the fluctuation of the power supply voltage, and there occurs the problem that its frequency component 
overlaps the input signal of the operational amplifier. 

Fig. 4 is an equivalent circuit diagram of the circuit shown in Fig 3. Reference numeral V corresponds to the P- 
channel MOS transistor 1 and reference numeral 2' corresponds to the N-channel MOS transistor 2. Symbols B, D and 
S represents the back gate, the drain and source, respectively The capacitance between the back gate B and the 
dram D is represented by Cbdi (i = 1 . 2; hereinafter the same), the capacitance between the back gate B and the source 
IS represented by Cbsm and the resistance between the drain D and the source S is represented by Rosi 

The mechanism of deterioration of SVRR can be explained in the following two mechanisms by the'frequency of 
the power supply fluctuation. In other words, (a) when the frequency is low, the mechanism is the change of the B - D 
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voltage between the back gate B and the drain D, the change of the B - S voltage between the back gate 8 and the 
source S, the change of the G - D voltage between the gate G and the drain D, the change of the G - S voltage between 
the gate G and the source S, the change of the Rpsi (channel ON resistance Rqn). ^he change of the input resistance 
Rg and the change of the annplification factor Afgp and (b) when the frequency is high, the nnechanism is that the 
s frequency component passes through the capacitance O^^^ and the capacitance C^Q■^ and overlaps with the input signal 
of the operational amplifier and is amplified. 

To restrict the mechanism (a) (the fluctuation of the channel ON resistance Rqn)' effective to design the MOS 
transistor so that Rqn c^ri be reduced to minimum. According to such a design method, however, the scale of the MOS 
transistor becomes great and the capacitance between the electrodes (Cbdi and Cqq^ increases, so that the mechanism 
^0 (b) is promoted and SVRR to the application where the operation frequency is high deteriorates. Accordingly, this 
method involves an inherent limit. 

The explanation given above explains the example wtiere the MOS switch is used as the semiconductor analog 
switch. Next, the explanation will be given on the exanriple"6ran knalog ^s^^^^ a bipolar transistor as the semi- 

conductor analog switch. . . , . . , . r. .. .. 

Fig. 5 is a structural view of the analog switch using bipolar transistors. The collector and the emitter of a PNP 
transistor 3 or an NPN transistor 4 are used as signal electrodes and the control signiais or are applied to each 
base B through resistor R. Though the power supply VDD on the high potential side and the power supply VSS on the 
low potential side are not shown in this Fig. 3, the power supply applied to the substrate of the bipolar transistor depend 
on both transistor typ (PNP or NPN) and its structure (lateral or vertical). The operation of this analog switch is the 
20 same as the operation of the MOS switch shown in Fig. 3. 

Fig. 6 is an equivalent circuit diagram of Fig; 5. Symbols E, C and S represent the emitter, the collector and the 
substrate, respectively, the capacitance between the substrate S and the emitter E Is represented by Cqfi and the 
capacitance between the substrate S and the collector C, by CgQj. 

The mechanism of deterioration of SVRR is divided into (a) the mechanism in which the resistance R^qj between 
2S the collector and the emitter changes due to the fluctuation of the substrate voltage and (b) the mechanism in which 
the capacitance Cqr between the substrate S and the emitter E and the capacitance Csci between the substrate S 
and the collector and eventually, the capacitance between the emitter E and the collector C, increase when the 
transistor area is Increased so as to reduce the resistance Rgci between the collector and the emitter E. and the 
frequency component of the voltage fluctuation overlaps the input signal of the operational amplifier through this ca- 
30 pacitance. 

Hereinafter, preferred embodiments of the present invention will be explained with reference to the drawings. 

Fig. 7 is a circuit diagram showing an amplification circuit according to a first embodiment of the present invention. 

In Fig. 7. reference numeral 20 denotes an inverting amplification circuit which multiplies the input signal Vg by 
-R|/Rs and outputs the signal. Reference numeral 21 denotes an operational amplifier having a positive input terminal 
3S 21a, a negative input terminal 21b and an output terminal 21c. The input signal Vg is applied to the negative input 
terminal 21b through the input resistor Rg, and a reference power supply Vp is applied to the positive input temninal 
21a through the resistance element Rp. The output signal is taken out from the output terminal 21c, and a feedback 
resistor R, is interposed between the output terminal 21c and the negative input terminal 21b. 

Here, the input resistor R^ includes three resistance elements Rg^ to R^s connected in series, and the feedback 
40 resistor Rf likewise Includes three resistance elements Rf^ to Rf3 connected in series. The number of series connections 
of these resistance elements can be adjusted to one to three resistors by the MOS switches S^^ and S^g and the MOS 
switches S|^ and S^g, respectively. In other words, the resistance value of can be adjusted to "Rgi" (S^^ ON, S^g 
OFF), "R31 + Rg2" (Ssi OFF, Ss2 ON) and "Rg^ +FL,2 + ^ss" (^o^h S^^ and S^^ OFF). The resistance value of Rf can 
be similarly adjusted to "R^," (Sf, ON, Sg OFF), "R^ + R^g" (Sfi OFF, 3,2 9^) and "R^ + Rf2 + Rfs (both Sf, and S^ 
4S OFF). By the way, the number of the resistance elements is just exemplary and is not particularly limited to the above. 

A first capacitance element is connected between the positive input terminal 21a of the operational amplifier 
21 and the power supply VDD on the high potential side, a second capacitance element Cg is connected between the 
positive input terminal 21a and the power supply VSS on the low potential side, and a resistance element Rp is con- 
nected between the positive input terminal 21a and a predetermined reference power supply Vp. The resistance element 
so Rp is inserted in order to increase the impedance between the positive input terminal 21a and the reference power 
supply Vp, and is not necessary if the internal impedance of the reference power supply Vp is sufficiently high. Since 
the internal impedance of the voltage source is generally much lower than the effective resistor, the resistance element 
Rp is generally necessary in this embodiment. 

Fig. 8 is an equivalent circuit diagram of the circuit shown in Fig. 7. Symbols Rg' and R/ typically represent the 
55 values of the input resistance R^ and the feedback resistance Rf when the states of the MOS switches Sg^ S^, S^ 
and Sf2 assumes an arbitrary combination. Symbol Cf^^ typically represents the parallel combined value of the capac- 
itance CgDi (stray capacitance) between the back gate B and the drain. D of the P-channel MOS transistor shown in 
Fig. 4 and the capacitance Cbq, (stray capacitance) between the back gate B and the source S. Further, symbol C^s 
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typically represents the parallel combined value of the capacitance Cbd2 between the back gate B and the drain D of 
the N-channel MOS transistor and the capacitance Cbs2 between the back gate B and the source S shown in Fig. 4. 

In the circuit construction described above, when the power supply VDD on the high potential side or the power 
supply VSS on the low potential side fluctuates, the fluctuating component is overlaps the negative input terminal 21 b 
s ot the operational amplifier through the capacitance C^^ C^^s (mechanism (a)). As a result, SVRR is about to de- 
teriorate as first herein described but in this embodiment, the fluctuation component of the same phase is applied to 
the positive input terminal 21a of the operational amplifier 21 through the capacitances and C2. Accordingly, dete- 
rioration of SVRR can be avoided by the same phase signal elimination effect of the operational amplifier 21. and this 
embodiment can obtain the advantage, which previously-considered circuits have not been able to attain, in that SVRR 
10 can improve irrespective of the frequency of the voltage fluctuation of the power supply. 

Here, the output signal V^^ of the operational amplifier 21 can be expressed by the following equation (1) where 
AV(-) is the fluctuating component of the power supply voltage VDD or VSS applied to the negative input terminal 21 b 
ot the operational amplifier 21 through the capacitance C^d or ^ms the MOS switch, and AV(+) is the fluctuating 
component applied to the positive input terminal 21a through the capacitance or C2: 
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V^ = V^(-R/Rs) + A(AV(+).AV(-)) (1) 

with the proviso that A is a differential amplification factor of the operational amplifier 21 . Assuming hereby that AV(+) 
= AV(-) is established by adjusting the values of the capacitances and and the value of the resistance element 
Rp, the second term of the equation (I) becomes zero (0), and the equation (2) can be obtained: 

Vo = Vs(-R/Rs) (2) 

In this way, the power supply fluctuation component can be removed from V^. 

Fig, 9 Is a circuit diagram showing the amplification circuit according to a second embodiment of the present 
invention. Like reference numerals are used in Fig. 9 to identify like constituents as in Fig. 7. 

The difference of this embodiment from the first embodiment (shown in Fig. 7) is that two MOS switches 30 and 
31 are connected in parallel between the positive input terminal 21a of the operational amplifier 21 and the resistance 
element Rp, one of the switches (the analog switch 31 on the lower side in the drawing) is always kept ON and the 
other (the analog switch 30 on the upper side in the drawing) is kept always OFF. 

The analog switches 30 and 31 comprise the P-channel MOS transistor and the N channel transistor in the same 
way as the MOS switches S^^, S^, S^^ and S^g for adjusting R^ and R^ (see Fig. 3), 

In addition to the effect of removing signal overlap by the voltage fluctuation induced by the electrode capacitances 
of the MOS switches S^^ , Sgg, S^^ and S^ in the same way as the first embodiment., this embodiment has the peculiar 
effect that deterioration of SVRR resulting from the ON resistance Rqn of the MOS switch due to the fluctuation of the 
power supply voltage VDD or VSS, or due to the change of the resistance value of the feedback resistance R, (mech- 
anism (a)) can be avoided. 

It will be hereby assumed that the size of the P-channe! MOS transistor is P30, the size of the N-channel MOS 
transistor is N3Q for the MOS switch 30, the size of the P-channel MOS transistor is P3-, and the size of the N-channel 
MOS transistor is N31 for the MOS switch 31 . and the sizes of theP-channel MOS transistors are P^^, P^, P„ and P|2 
and the sizes of the N-channel MOS transistors are Nsi, Ns2. N,i and N,2 ^or the MOS switches S^,, Sgg, Sf, and S^, 
respectively, the preferred sizes of the P- and N-channel MOS transistors (P30. N30, Pq-, and ) constituting the MOS 
switches 30 and 31 are expressed by the following equations (3) to (6): 
[analog switch 30 (always OFF)] 

P30 = K(Psi + + ^® proviso that 

those under the ON state are omitted) (3) 

N30 = K(Ng^ + Nq2 + Nj^ + N^; with the proviso that 

those under the ON state are omitted) (4) 
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[analog switch 31 (always ON)] 

^31 = '^(^si + Ps2 + w'^*^ proviso that 

those under the OFF state are omitted) (5) 

Ng^ = K(Ng^ + + + Nj2; with the proviso that 

those under the OFF state are omitted) (6) 



What is meant by these equations (3) to (6) is, briefly that the transistor sizes (P30, N30) of the analog switch 30, 
which is always OFF, are determined from the total size of the transistors which are OFF among the analog switches 
IS SgT. Ss2, S,^ and S^; and the transistor sizes (Pg^. H^^) of the analog switch 31 which is always ON. are determined 
from the total size of the transistors which are ON. By the way symbol K represents a constant associated with a 
reduction ratio of the transistor, and when K = 1 , P30, N30, P31 or N31 coincides with the total size described above and 
the restriction effect of the power supply fluctuation reaches maximum. On the other hand, the size of the MOS switches 
30 and 31 becomes great, and impedes integration. Therefore, K may be set to a value smaller than 1 in consideration 
20 of the required restriction level of the power supply fluctuation. 

In an embodiment of the present invention, the fluctuating component of the power supply voltage can be applied 
to one or the other input of the differential amplifier, and can be cancelled by utilizing the same phase component 
removing effect of the differential amplifier. 

Though the explanation given above shows an MOS switch as the example of the semiconductor analog switches, 
25 an analog switch using the bipolar transistors such as the one shown in Fig. 5 can be used. 



Claims 



30 1. Amplification circuitry comprising a differential amplifier (21) having a first input point (21b), connected by input 
resistance means (Rs) to an input (Vg) point of the circuitry, a second input point (21a) connected to receive a 
reference voltage Input from a reference voltage input point (Vp) of the circuitry, and an output point (21 C) connected 
by feedback resistance means (Rf) to the said first input point (21b) of the differential amplifier (21); 

at least one of the said input resistance means (Rg) and the said feedback resistance means (R^) including 

35 a semiconductor switch device (Ssv-.,S,i. •) controllable selectively to alter the effective resistance of the resistance 

means (Rg, R^) concerned, thereby to alter the overall gain of the circuitry; 

characterised by first capacitive means (Ci), connected between the said second input point (21a) and a 
first power supply point (VDD) of the circuitry, and second capacitive means {C^ connected between the said 
second input point (21a) and a second power supply point (VSS) of the circuitry, the first and second power supply 

40 points being for connection to respective different power supply voltages of the circuitry when it is in use. 

2. Circuitry as claimed in claim 1 , wherein the said first and second capacitive means are provided by stray capaci- 
tances of a semiconductor switch device (30, 31 ) through which the said second input point (21a) is connected to 
the said reference voltage input point (Vf). 

4S 

3. An amplificatbn circuit for switching an amplification factor over multiple stages by applying an input signal to the 
first input terminal of a differential amplifier through an input resistance, applying a reference potential to the second 
input terminal and switching the resistance value of said input resistance and the resistance value of a feedback 
resistance by a semiconductor analog switch, comprising: 

so 

a first capacitance element connected between said second input terminal of said differential amplifier and a 
high potential power supply; and 

a second capacitance element connected between said second input terminal of said differential amplifier and 
a low potential power supply. 

55 

4. An amplification circuit according to claim 3, wherein a resistance element for increasing the impedance of said 
second input terminal is connected to said second input terminal of said differential amplifier. 
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5. An amplification circuit according to claim 3 or 4, wherein each of said input resistance and said feedback resistance 
comprises a plurality of resistors connected in series, and said semiconductor analog switch is connected between 
the junction of said resistors of each of said input resistance and said feedbacl< resistance and said first input 
terminal of said differential amplifier. 

6. An amplification circuit according to claim 3,4 or 5, wherein each of said semiconductor analog switches comprise 
semiconductor elements, the substrate of said one semiconductor element is connected to said high potential 
power supply, and the substrate of said the other semiconductor element is connected to said low potential power 

supply. 

7. An amplification circuit according to claim 3,4 or 5, wherein each of said semiconductor analog switches comprises 
a parallel circuit of two complementary MOS transistors, a back gate of one of said MOS transistors is connected 
to said high potential power supply and the back gate of the other of said MOS transistors is connected to said 
low potential power supply 

8. An amplification circuit for switching an amplification ratio over multiple stages by applying an input signal to the 
first input terminal of a differential amplifier through an input resistance, applying a reference potential to the second 
input terminal and switching the resistance value of said input resistance and the resistance value of a feedback 
resistance by a semiconductor analog switch, comprising: 

a semiconductor analog switch having substantially the same characteristics as those of said semiconductor 
analog switch and connected to said second input terminal, for applying said reference potential to said second 
Input terminal. 

9. An amplification circuit according to claimS , wherein a resistance element for increasing the impedance of said 
second input temriinal is connected to said second input terminal of said differential amplifier. 

1 0. An amplification circuit according to claim 8 or 9. wherein each of said input resistance and said feedback resistance 
comprises a plurality of resistors connected in series, and said semiconductor analog switch is connected between 
the junction of the resistors of each of said input resistance and said feedback resistance and said first input 
terminal of said differential amplifier. 

11. An amplification circuit according to claim 8.9 or 10. wherein each of said semiconductor analog switch connected 
between said input resistance and said first input terminal and said semiconductor analog switch connected be- 
tween said feedback resistance and said first input terminal comprises a parallel circuit of two complementary 
MOS transistors, a back gate of one of said MOS transistors is connected to said high potential power supply and 
the back gate of the other of said MOS transistors is connected to said low potential power supply. 

12. An amplification circuit according to claim 8, 9, 10 or 11, wherein said semiconductor analog switch connected 
between said reference potential and said second input terminal comprises a parallel circuit of two MOS switches 
one of which is turned ON and the other of which is turned OFF. each of said MOS switches comprises a parallel 
circuit of two complementary MOS transistors, the back gate of one of said MOS transistors is connected to said 
high potential power supply and the back gate of the other of said MOS transistors is connected to said low potential 
power supply. 



1 3. An amplification circuit according to claim 8, 9 or 1 0, wherein each of said semiconductor analog switch connected 
between said input resistance and said first input terminal and said semiconductor analog switch connected be- 
tween said feedback resistance and said first input terminal comprise semiconductor elements, the substrate of 
said one semiconductor element is connected to said high potential power supply, and the substrate of said the 
other semiconductor element is connected to said low potential power supply. 

14. An amplification circuit according to claim 8, 9, 10 or 13, wherein said semiconductor analog switch connected 
between said reference potential and said second input terminal comprises a parallel connection of two analog 
switches one of which is turned ON and the other of which is turned OFF, each of said analog switches comprise 
semiconductor elements, the substrate of said one semiconductor element is connected to said high potential 
power supply and the substrate of said the other semiconductor element is connected to said low potential power 
supply. 
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